n -got5 or+ if n ~2 Z (mod 3) (or n = 1 (mod .3)), has a shortness exponent which is less than one.
Hamiltonian. For example, every planar graph is non-Hamiltonian if it has a p-vector satisfying the condition: p,, # 0 implies k = 2(mod3), with exactly one exception n, n $2 (mod 3) for which p" = 1.
Let a planar graph G be called nm-Grirrbergiat~ if its p-vector satripfies the condition: pi # 0 implies k = 2 (mod 3).
Tutte [9. p. 301) asked whether every 3-valent 3-connected planar graph which is .lon-Grinbergian must be Hamiltonian. Griinbaum and the present author [h, p. 112j asked a related question, whether every 3-valeaut map is HamiltoniaIh pr"viJcd h # 0 holds for exactly two values of k, which are congruent to 2 modulo 3.
This note presents negative answers to both of these questions; in fact, following a remark of Griinbaum (in a private communication). it is shown here that the shortness exponent of the family of all 3-valen: konnected ncsn-Grinbergian graphs is less than one. We construct here two 3-vaknt konnected planar graphs G, and GZ. havirilp only pentagons and octagons, such that G, has 92 vertices and is non-Hamiltonian while G2 has 200 vertices and has no Hamiltonian paths. Fig. 1 . Go is a 3-valent 3-connected (cyclically S-connected) planar non-HamiRonian graph, having the p-vector ( 18, pfi = 3, pn = 3, pk = 0 for at1 k, 3 s k # 5, 6, 8) . The three hexagons of Go have a vertex in common, to be called here t). The graph G, is obtained by cutting o out of G,, and joining two such copies as shown in Fig. 2 . Theorem t . G, is a 3-valenr 3-connected (cyclically 3-connected) planar graph hntling the p-vector (us = 36. ,pn = 12, pk = 0 for all k, 3 6 k f Cc,@; G, has 92 w&es and i,'?e longest circuir' i,t G, has at most SW) wrtices (i.e., G, is mmHamiltonr, , ~ 1. Proof. All the properties of G1, except the last one, are clearly true. Suppose ar is a circuit in G,; QC does not contain all the 43 vertices of any one copy of Ck-o in G,. if it ccntains other vertices as well, since otherwise by shrinkin the rest of $;I, tcl a \'ert<x it would follow that Ccl is Hamiltonian. There ore CT does not contain either all the vertices of one cope of CL -u or at least one vertex of each one of the two copies of G,, -tt in G ,. hence cy is of length at most W7 as claimed.
The construction nf G,: In a similar way, G2 consists of four copies of G(, -3, joined together as shown in Fig. 3 . The proof of Theorem 2 is similar to the previous one. hence it is omitted; it uses the fact that any path in G, does not contain all the vertices of at least two copies of G,, -t' in which the two end points do nut lie.
The graph CL, shown in Fig. 4 , is similar to G, and is smaller; it is a Svalent /'-\,
